Introduction
Dog bites are a serious public health concern. Besides injuries and the adverse psychological impacts, dog bites can be complicated by infections including rabies, which has the highest case-fatality rate of all infectious diseases. 1 The last case of human rabies acquired in mainland France was reported in 1924 and the last case of fox rabies in 1998. However, rabid dogs are repeatedly imported into France by travelers, with the majority originating from Morocco after having been transported through Spain by car. [2] [3] [4] [5] [6] The decision to prescribe rabies vaccine and/or rabies immunoglobulin to patients injured by dogs depends on the origin of the animal. Over-prescription of rabies post-exposure prophylaxis (PEP) has been questioned in France. 7 In Marseille, efforts to minimize over-prescription of the vaccination for rabies PEP has been conducted, by delaying the initiation of rabies treatment in injuries involving an apparently healthy dog that can be kept under observation. 8 However, significant numbers of rabies PEP vaccinations are still given to injured patients due to the high proportion of dogs that cannot be kept under observation. In this context, interventions aimed at reducing the number of dog bites are critical. The reduction of dog-related injuries by educational interventions has shown some success in children, 9, 10 although this has been contradicted. 11 As a first step towards the possible implementation of such a strategy in Marseille, we conducted a preliminary survey to describe the epidemiology of dog-related injuries requiring rabies PEP in the city.
Materials and methods
From 2007 to 2010, epidemiological data on dog-related injuries and associated rabies PEP treatment were prospectively collected from patients attending the Marseille rabies treatment center (RTC) using standardized forms. At the Marseille RTC,
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ß 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved. most patients are screened by telephone call with a specialized physician so that those patients injured by dogs that can be kept under surveillance are screened-out and do not receive rabies PEP. These patients were not included in our survey. Only those who were advised to visit the center when the responsible animal was not available for surveillance were included. Additional patients who spontaneously presented to the center were also included. Only patients who had been injured within the boundaries of the city of Marseille were selected. Demographic and clinical data and rabies prophylaxis details are routinely documented at the RTC. Additional data were obtained retrospectively by telephone, when possible, regarding the detailed circumstances of the dog attack: characteristics of the dog's owner, place of exposure within the city, environment, and reason for the bite. Interviews were all conducted by one person. The city of Marseille is located in the south of France and comprises 16 districts. Human demographic data (total population and distribution according to sex and age range) were extracted from the 2007 official census (http://www.insee.fr). At that time, the population totaled 852 396 inhabitants. Climatic data were obtained from the Wunderground database (http:// www.wunderground.com).
Place of exposure and place of residence were mapped using Quantum GIS 1.6.0 software (Open Source Geospatial Foundation). The spatial distribution of cases according to the season, the day of the week (weekend vs. working days), and the category of owner (street beggars or not) was investigated using SaTScan software. To detect clusters, this software systematically moves a circular scanning window of increasing diameter over the studied region and compares observed numbers inside the window to the numbers that would be expected under the null hypothesis (random distribution of the studied features). The maximum allowed cluster size corresponded to 50% of the study population. The statistical significance for each cluster was obtained through Monte Carlo hypothesis testing, i.e., results of the likelihood function were compared with 999 random replications of the dataset generated under the null hypothesis.
Differences in proportions (categorical variables) were tested by Pearson tests using SPSS (SPSS, Inc.) software package. A p-value of <0.05 was considered significant. Odds ratios (ORs) were estimated by logistic regression. All statistical tests were twosided. Comparisons of percentages and ORs with 95% confidence intervals (95% CI) were carried out using R 2.8.1 environment (www.r-project.org).
Results
A total of 245 patients injured by dogs inside the city presented to the RTC between 2007 and 2010. The mean annual incidence was 0.71 per 1000 inhabitants, with no significant annual variation.
Demographics
The male to female sex ratio was 1.98 in the injured population compared to 0.88 in the whole population. Male patients were more than two times more likely to report dog bites compared to female patients (66.5% vs. 33.5%; OR 2.25, 95% CI 1.72-2.93). The mean age of injured patients was 32 years (median 29 years, range 1-85 years). Individuals aged 0-29 years were over-represented among injured individuals (53.5%) compared to the whole population (38.7%), while those aged 30 years and over were under-represented (Table 1) ; 75.9% of injured patients were over 15 years of age.
Circumstances
In 44.9% of the cases, the dog's owner was not identified because the animal was a free-roaming dog, or because the owner refused to provide their identity and address. No case of a dog traveling in from a rabies endemic area was recorded among those dogs whose owner was identified. Of the injured patients, 11.4% mentioned that the dog's owner was a street beggar. Most cases occurred outdoors (73.0%) -in public areas (38.0%) -and 29.8% of respondents thought the dog attacked them intentionally after they had interacted with the animal, out of the dog's territory ( Table 2 ).
Spatial distribution and temporal and climatic factors
The mean annual incidence varied significantly according to the place of exposure within the city, with 0.19 cases per 1000 inhabitants in the 9 th district (southern part of the city) and 2.43 per 1000 inhabitants in the 16 th district (northeast part of the city) (OR 12.47, 95% CI 4.91-31.64). The majority of those injured in the 16 th district were residents of that area (Figure 1 ; Supplementary Material, file 1). Injuries caused by dogs whose owner was a street beggar were significantly more frequently reported from an area centered on the 1 st district, as shown in Figure 1 (OR 13.5, p < 0.0001). The distance from the place of residence to the RTC was less than 14 km in most cases (73.1%) ( Table 2 ). In addition, there was no difference in distribution of cases according to the season, day of the week, school period, wind speed, temperature, or lunar cycle (Supplementary Material, files 2 and 3 ). There was no significant spatial distribution difference based on season or day of the week when the injury occurred (data not shown).
Type of injury and rabies post-exposure prophylaxis
Most injuries (88.3%) were trans-dermal injuries and localized to the lower and upper limbs. Overall, 63.7% of injured patients received complete rabies post-exposure prophylaxis. Of 245 dogs, only 55 (22.4%) were available for surveillance by veterinary personnel and only 14 (5.7%) for surveillance by their owner, allowing the avoidance or interruption of post-exposure vaccination for nearly all of the patients injured by these dogs. By contrast, nearly all patients injured by dogs whose observation was not feasible (71.8%) were vaccinated.
Discussion
The exact number of dog bites occurring annually in France is unknown. The annual incidence of dog bites seen in the emergency departments in France has been estimated at around 0.03-0.05 per 1000 individuals aged <15 years, accounting for two-thirds of all dog bite injuries seen in the emergency department. 12 In Marseille, around 50% of injured patients are screened-out by telephone call when the animal responsible can be kept under surveillance. 8 Therefore, the actual annual incidence of patients injured by dogs in Marseille that are notified to the RCT is approximately 1.4 per 1000 inhabitants. It is well known that patients seeking care for rabies PEP following animal-related injuries represent a small proportion of the actual number of injured patients. 13 Therefore, the annual incidence in our study very likely underestimates the true incidence of dog bites in the city of Marseille and our results cannot be extrapolated to the entire population of dog bite victims. Nevertheless, it provides useful information to better characterize the circumstances of dog bite incidents that are seen at our center.
Compared to females, male patients had a higher likelihood of being injured by dogs, as already observed by numerous authors. 14 While most studies have indicated that the majority of dog bites occur in children, usually in their own home, and are inflicted by their own pet, 15, 16 our survey showed distinct results with most cases occurring not only in children, but also in young adults aged 15-29 years, mostly outside their home and involving animals of unknown owners in most instances (56.3%). This probably results from a selection bias, as patients injured by their own dogs are usually told by telephone to postpone the rabies PEP while their dog is under observation. This further illustrates that the identification of risk factors for dog-related injuries by epidemiological surveys largely depends on the source of data and that care needs to be taken in comparing the results. 17 Our results suggest, as reported by others, 18 that dog bite prevention strategies teaching people to interact better with dogs are unlikely to be enough to prevent these attacks, as only 29.8% did interact with their aggressor. On those occasions where the human did not interact with the dog that bit them, the focus should be on the owners, who must be made aware that their dog can inflict damage to other people, to feel accountable for the behavior of their pet, and to be willing to take the necessary measures to prevent it causing harm to others. However, in our study, half of the dog owners were unidentified.
The distribution of cases within the city in our survey should be interpreted with caution. The higher prevalence of dog bites requiring rabies PEP in northwest Marseille may be due to a higher density of dogs in that area. The dog population in Marseille is estimated to be around 100 000 animals; however, their distribution in the city is unknown. Alternatively, the higher prevalence of bites in individuals injured and living in the northwest area may result from the location of the RCT in this part of the city. The RCT is the only place where rabies PEP can be obtained in the city and the surrounding area. Of major concern, a clear cluster of dog bite cases linked to dogs whose owner was a street beggar was observed around the 1 st district of Marseille, in the west-central area of the city. In this case, the localization of the RTC cannot account for the specific distribution of street beggar dog-related injuries. This area is the commercial center of the city with a concentration of shops, restaurants, and bars, and beggars are usually located in this zone because it is easier to beg. The exact numbers of street beggars in Marseille and of their dogs are unknown. The number of street beggars in France is difficult to assess and the evaluations usually considered as most reliable provide numbers of 100 000 to 200 000, representing less than 0.4% of the entire population. The fact that 11.4% of bites involved street beggar dogs in our study strongly suggests that this specific population of dogs may be relatively large in Marseille, or that victims of such dogs perceived them to be high-risk in relation to possible rabies infection. Further investigations should be made to better characterize this group and to identify the origin of the dogs and potential illegal importation from rabies-endemic areas.
We failed to find any temporal or climatic variations in the incidence of dog bites in our survey, which is in contrast to the results of other investigators. [19] [20] [21] No relationship between the lunar phase and bite incidence was evidenced in our survey, as previously shown by others. 20, 22 The main findings of our survey are that more than half of the dog bites occurring in the city of Marseille that required rabies PEP involved animals of unknown owners and that more than 11% of bite victims had been bitten by dogs belonging to street beggars. Also, a clustered distribution was evidenced for these latter cases in one area of the city. Based on our results, educational interventions in children would not be very efficient in reducing the number of rabies PEP treatments in Marseille. Interventions targeting street beggar dogs could be of some interest, although such dogs only account for a small part of the bites leading to rabies PEP. French law requires that dogs are kept on the lead in public areas. French regulations also require that dogs imported from a rabies endemic area are vaccinated against rabies and licensed; however, it is not mandatory to vaccinate and license dogs born in mainland France with the exception of Staffordshire (pit bull) terriers, boerboels, the Japanese tosa, and rottweilers. Street beggars may not be able to afford the rabies vaccine for their pets. Programs offering low-cost rabies vaccination and veterinary care to pets belonging to this group, as well as emphasizing the need for the owners to keep their pets on the leash, should be considered. Such programs may be implemented in other large cities in France and Europe where street beggars are frequently seen.
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